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MR angiography comprises a series of techniques to depict the blood 
vessels. Flow based techniques such as time-of-flight and phase contrast for 
MRA have been largely replaced by contrast-enhanced strategies.  The latter, a 
lumen filling approach, is conceptually more akin towards conventional catheter 
based angiography in which a finite time exists for capturing the contrast within 
the vessel of interest. With the extra-cellular fluid contrast agents, a short arterial 
half life places limits on the effective time one can sample information. Thus, the 
MR angiographer is posed the classic challenge of deciding about the 
appropriate balance between spatial and temporal resolution, when selecting or 
optimizing a protocol.  

The inherent doubling in signal-to-noise ratio when compared to 1.5T 
provides unique opportunities for MR angiography at 3T (1).  The augmented 
SNR can be used to improve anatomic and/or temporal resolution and reduce 
breath hold time periods while preserving image quality. However, susceptibility, 
specific absorpton rate (SAR). chemical shift dispersion and sensitivity to motion 
artifacts are also increased at 3.0T (scaling with field strength).  Furthermore, the 
T1 and T2 values of tissues are altered with T1 values becoming longer and T2 
values becoming shorter (2).   

T1 relaxation times of most materials increase with field strength. A 
greater than expected yield in vessel: background C/N for MR angiography has 
been observed since the T1 of blood and solutions of gadolinium chelates may 
not vary as greatly with the field strength (3).  Thus for TOF and Gd-enhanced 
MR angiography, imaging 3T can provide a reduction in the relative signal of the 
background tissues as compared with the vasculature; the result is improved 
target (vessel): bkgd contrast to noise.    

The increased relaxation time of background tissues augments 3.0T TOF 
image contrast since more effective background signal saturation at any given 
TR is achieved at the higher field strength.  In this regard the Mayo Clinical 
investigators, using identical geometry head coils, showed a significantly better 
visualization of intracranial aneurysms using 3.0T 3D as compared to those seen 
at 1.5T (3). For venous imaging improved resolution and the delineation of smaller 
vessels compared with lower field strengths has also been demonstrated (4).  

The longer T1 of fat at 3T offers theoretical improvements in CNR for 3T 
MRA since fat presents the largest relative background signal for body MRA.   



Traditionally, T1 shortening of blood can be augmented through increases in 
injection rate and dose.  However, additional factors at 3T influence the options 
and for T1 shortening contrast agents, one the most important is the increased 
susceptibility effects at 3T. 

Magnetic susceptibility can be thought of as a material’s tendency to 
distort an applied field. The net induced magnetization is typically proportional to 
the applied field.  Variations in magnetic susceptibilities within a voxel such as 
those at air-tissue interfaces produce local inhomogeneities in the magnetic field. 
These field inhomogeneities produce dephasing which results in T2* signal loss 
and such losses are prominent when GRE sequences are being employed.  A 
real concern is the artifacts that can be induced at air-soft tissue interfaces and 
adjacent to metallic surgical clips and indwelling metallic stents.   

We have noticed an increased sensitivity to the concurrent T2* 
shortening that effects Gd at 3T and in our preliminary assessments, rapid bolus 
imaging can be contaminated by a confounding T2* effect. This at best may level 
off the effects of increasing doses and adminstartion rates, and at worst may 
actually decrease the CNR. Care should be taken in adopting the ‘more is better’ 
philosophy for contrast-enhanced MRA. The higher field strenght has 
implications for the use of iron agents and other agents that can augment the T2 
relaxation (5, 6) .   

The safety and artifact sensitivity to intravascular stents (as well as 
other in vivo metallic devices) is being investigated and most devices are proving 
safe at 3T (7-9) .  Pulsatility artifacts in healthy vessels appear to be greater at 
3.0T compared to that at lower filed strengths.  This can be mitigated through a 
reduction in the flip angle.  As mentioned before, the C/N tolerance to a lower flip 
angle makes this an acceptable trade-off.  The lower flip angle can be used in 
diseased vessels to minimize in plane saturation effects while maintaining 
effective background suppression (recall the longer T1 of background tissues, 
therefore, lower signal).  

 While we have had successful imaging results using the body coil without 
a localized coil, the availability of more coils and multi-element coils will allow 
for more flexibility.  Combination of lower doses of contrast, better resolution and 
faster scanning are being enabled through the SNR synergy of 3T with localized 
coils.    

For MR angiography, power deposition has not been a major issue in our 
experience.  From a SAR perspective, fast 3D GRE imaging requires a decrease 
in flip angle compared to similar TR sequences at 1.5T.   However, the longer T1 
of background tissues allows for an acceptable trade-off with maintenance of 
effective target:background contrast.  Furthermore, we have been running the 
scanner at the upper limits of what is permitted by the FDA and this increases the 
flexibility of the system; workflow is improved by minimizing parameter 



adjustments that can be prompted by SAR concerns.  Magnetization transfer can 
also be more easily applied in this mode. 

Difficulties related to radiofrequency (RF) field homogeneity represent 
another challenge to clinical MRA at 3T (10).  Two factors lead to decreased RF 
field homogeneity at high field strength (11).  One factor is shorter penetration 
distance or “skin depth” of RF into the sample, because of electrical conductivity. 
At higher frequencies, RF is dissipated to a greater degree as it passes through 
the tissues. Based on this, the field should become weaker at the center of the 
sample.  The second factor affecting field homogeneity is the increase in 
dielectric constants of water and tissue at high field and its effect of shortening 
the wavelength of RF in the sample.  The wavelength of RF at 3T is such that it 
sets up a resonant cavity or “waveguide” effect within the sample, with the result 
that the amplitude or phase of the RF varies with position inside the sample.   
This spatial variation of RF results in center brightening of the image. These two 
effects have potential to counterbalance each other, but not necessarily in a 
uniform manner.  To cope with the issues of RF penetrance and dielectric 
constant alternate RF pulse designs (e.g. adiabatic pulses), pulse sequence 
designs (e.g. phase cycling), and coil designs are being pursued in order to 
maximize the imaging at 3T. On our scanner a characteristic signal drop occurs 
at the patient’s left groin when the patient is in the feet first position typical for 
run-off studies.   

 Clinical experience at 3.0T includes 2D and 3D TOF and 3D contrast 
enhanced MR angiography with sequential, centric, elliptical centric, and e-
TRICKS for a variety of anatomic regions throughout the body. The theoretical 
gains for MR angiography in S/N and C/N at 3.0T have only begun to be 
exploited. With additional applications such as parallel imaging (12), higher 
temporal resolution will be possible, supported by the signal advantage.  This 
provides opportunities to optimize the administration of contrast media, included 
shorter and tighter boluses of contrast.  New combinations of higher temporal 
and spatial resolution will be made possible as multi-channel receiver systems 
are integrated into the high field scanners. 

PVD studies are done in a similar manner as 1.5T, with a hybrid contrast-
enhanced approach, cuff compression and multiple injections.  Benefits of 3T 
have been observed in the extremity arteries below the knee (13).  Additonally, it 
has been shown that SENSE accelerated MR-DSA (thick slab MRA) at 3T 
improves the non-invasive pre- and postoperative depiction of AVM flow 
dynamics (14).  

REFERENCES 

1. Nael K, Michaely HJ, Villablanca P, Salamon N, Laub G, Finn JP. Time-
Resolved Contrast Enhanced Magnetic Resonance Angiography of the Head and 
Neck at 3.0 Tesla: Initial Results. Invest Radiol 2006;41(2):116-124. 



2. de Bazelaire CM, Duhamel GD, Rofsky NM, Alsop DC. MR imaging 
relaxation times of abdominal and pelvic tissues measured in vivo at 3.0 T: 
preliminary results. Radiology 2004;230(3):652-659. 
3. Bernstein MA, Huston J, Lin C, Gibbs GF, Felmlee JP. High-resolution 
intracranial and cervical MRA at 3.0T: Technical considerations and initial 
experience. Magn Reson Med 2001;46(5):955-962. 
4. Reichenbach JR, Barth M, Haacke EM, Klarhofer M, Kaiser WA, Moser E. 
High-resolution MR venography at 3.0 Tesla. J Comput Assist Tomogr 
2000;24(6):949-957. 
5. Wacker FK, Reither K, Ebert W, Wendt M, Lewin JS, Wolf KJ. MR image-
guided endovascular procedures with the ultrasmall superparamagnetic iron 
oxide SH U 555 C as an intravascular contrast agent: study in pigs. Radiology 
2003;226(2):459-464. 
6. Tombach B, Reimer P, Bremer C, Allkemper T, Engelhardt M, Mahler M, 
et al. First-pass and equilibrium-MRA of the aortoiliac region with a 
superparamagnetic iron oxide blood pool MR contrast agent (SH U 555 C): 
results of a human pilot study. NMR Biomed 2004;17(7):500-506. 
7. Shellock FG. Biomedical implants and devices: assessment of magnetic 
field interactions with a 3.0-Tesla MR system. J Magn Reson Imaging 
2002;16(6):721-732. 
8. Nehra A, Moran CJ, Cross DT, 3rd, Derdeyn CP. MR safety and imaging 
of neuroform stents at 3T. AJNR Am J Neuroradiol 2004;25(9):1476-1478. 
9. Shellock FG, Forder JR. Drug eluting coronary stent: in vitro evaluation of 
magnet resonance safety at 3 Tesla. J Cardiovasc Magn Reson 2005;7(2):415-
419. 
10. Greenman RL, Shirosky JE, Mulkern RV, Rofsky NM. Double inversion 
black-blood fast spin-echo imaging of the human heart: a comparison between 
1.5T and 3.0T. J Magn Reson Imaging 2003;17(6):648-655. 
11. Ugurbil K, Garwood M, Ellermann J, Hendrich K, Hinke R, Hu X, et al. 
Imaging at high magnetic fields: initial experiences at 4 T. Magn Reson Q 
1993;9(4):259-277. 
12. Sodickson DK, McKenzie CA, Li W, Wolff S, Manning WJ, Edelman RR. 
Contrast-enhanced 3D MR angiography with simultaneous acquisition of spatial 
harmonics: A pilot study. Radiology 2000;217(1):284-289. 
13. Leiner T, de Vries M, Hoogeveen R, Vasbinder GB, Lemaire E, van 
Engelshoven JM. Contrast-enhanced peripheral MR angiography at 3.0 Tesla: 
initial experience with a whole-body scanner in healthy volunteers. J Magn 
Reson Imaging 2003;17(5):609-614. 
14. Summers PE, Kollias SS, Valavanis A. Resolution improvement in thick-
slab magnetic resonance digital subtraction angiography using SENSE at 3T. J 
Magn Reson Imaging 2004;20(4):662-673. 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


	Table of Contents
	2006 Annual Meeting Program Committee
	Continuing Education
	Declaration of Speaker Financial Interests or Relationships
	================
	Monday, 8 May 2006
	Hot Topics in Clinical Practice: Neuro Imaging and Body Imaging ~ 11:00 to 13:00 ~ Room 6E
	Molecular Imaging with Cell Tracking in the CNS
	Automated Change Detection in Serial Imaging Studies of the Brain
	Cutting-Edge Imaging of the Spine
	Hot Body MRI: Beyond Anatomy Towards Tissue Function
	Hot Topics in Europe: Whole Body MRI
	Hot New MRA Techniques

	Body MR Problem Solving ~ 11:00 to 13:00 ~ Room 6C
	The Hepatitis C Patient: Early Diagnosis of Cirrhosis and HCC
	Problem Solving with Breast MR

	SMRT and ISMRM Joint Forum: Imaging of the Mother, Fetus and Newborn  ~ 14:00 to 16:00 ~ Room 6D
	Technical Aspects of Scanning the Pregnant Mother: A Technologist's Overview and Perspective ~ No Syllabus Contribution Submitted
	Fetal MR - Including the CNS
	Imaging the Neonatal Brain: Specific Pathologies - Specific Imaging Protocols
	Imaging the Pediatric Patient: Specific Pathologies - Specific Imaging Protocols

	Grant Writing: Opportunities, Needs and Strategies ~ 14:00 to 16:00 ~ Room 6C
	Grants - A Strategic Perspective from a Funding Agency Point of View: Requirements and Expectations
	Grantsmanship: The Essentials ~ No Syllabus Contribution Submitted
	Grants - An Outcome Perspective: Looking Back from a Scientific Publication to Grant Funding - Lessons to be Learned

	MR Physics for Clinicians ~ 16:30 to 18:30 ~ Room 6C
	Spin Gymnastics I
	Spin Gymnastics II ~ No Syllabus Contribution Submitted
	MRI Hardware


	================
	Tuesday, 9 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	High Field Imaging: A Technical Perspective
	High Field Body Imaging: A Clinical Perspective

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	Body & Peripheral MRA
	Non-Contrast MRA
	Coronary MRA

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	What Can Quantitative DCE T1-Weighted MR Imaging Tell Us?
	Grading, Therapy Monitoring, and Predicting Outcome of Glioma

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	MRI Main Field Magnets
	Shim Coil Design, Limitations and Implications

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	Impediments to High Field MR - A Look at B0 and B1 Field Behavior
	How to Do RF at High Fields

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	Biomechanics of Femoral Acetabular Impingement
	MR Imaging of Femoral Acetabular Impingement

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Latest Advances in Arterial Spin Labeling
	Measuring Oxygen Consumption Using MRI: What Can and Cannot be Done

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Techniques for MR Imaging Near Metallic Implants
	Prospects of Absolute B1 Calibration

	Body/Cardiovascular Imaging at 3T ~ 10:30 to 12:30 ~ Room 6C
	Introduction to Body Imaging at 3T: Theoretical Advantages and Practical Challenges
	Musculoskeletal Imaging at 3T
	Abdominal and Pelvic Imaging at 3T
	Cardiovascular Imaging at 3T
	Body and Breast at 3T: Where is the Added Value Compared to 1.5T

	Neuro MR Problem Solving ~ 10:30 to 12:30 ~ Room 6D
	How To Use Parallel Imaging Techniques To Improve the Efficiency of Clinical CNS Imaging Protocols
	MR Angiography of the Carotids and Circle-of-Willis: Technical and Clinical Dilemmas

	MR Neurography for MSK Radiologists ~ 13:30 to 15:30 ~ Room 6C
	MR Neurography - Imaging Peripheral Nerves
	The Role of MRI in the Diagnosis and Treatment of Peripheral Nerve

	MR Physics for Clinicians ~ 16:00 to 18:00 ~ Room 6C
	Spin Echo 
	Gradient Echo 
	Fast Spin Echo 


	================
	Wednesday, 10 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	Coils, Receivers and Parallel Imaging: A Technical Perspective
	Parallel Imaging: A Clinical Perspective

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	MRA at 3.0T
	Cardiac MRI at 3.0T
	Cardiovascular Parallel Imaging at 3.0T

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	Diffusion Tensor Imaging of Traumatic Brain Injury
	Clinical Output of DTI Measurements in Multiple Sclerosis

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	Array Systems
	Receivers System

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	High Resolution Imaging: Why Is It Important for T1 Weighted Imaging, MRA and SWI?
	Parallel Excitation: Making SENSE of High-Field Body MRI

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	MRI Evaluation of Cartilage Maturation
	MR Imaging of Cartilage in the Pediatric Patient

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Quantification Issues in Bolus-Tracking Perfusion MRI
	Steady-State and First-Pass Contrast Agent Methods to Evaluate CBV, Vascular Morphology and Permeability

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Cytoarchitectonic MRI: Can MRI Be Used to Quantify Neural Tissue?
	Tissue Structure through Diffusion and Transverse Relaxation Measurements
	Unresolved Issues in Diffusion and Perfusion MRI: A Consensus from the Study Group

	Cardiovascular Imaging ~ 11:00 - 13:00 ~ Room 6E
	Coronary Whole Heart MRA
	MRA at 3T
	Advances in Delayed Gadolinium MRI of Heart and Vessels ~ No Syllabus Contribution Submitted
	Peripheral MRA: Competing in the MDCT Era

	MR Physics for Clinicians ~ 16:30 - 18:30 ~ Room 6C
	Imaging Options and Their Effects on SNR
	Ultrafast Imaging
	Field Strength Dependence in MRI-Advantages and Artifacts at 3T


	================
	Thursday, 11 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	DWI in Body Imaging
	PWI in Body Imaging

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	MRI of Global and Regional Myocardial Function
	MRI of Myocardial Perfusion
	MRI of Myocardial Viability

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	Functional Connectivity
	Combining fMRI and DTI Applications

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	Transmit Arrays Design
	RF Pulse Design for Transmit SENSE

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	Advances in Spectral Editing: MRS of Neurotransmitters
	Broadband Decoupling at High Field: Challenges and Solutions

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	Functional Cartilage MRI
	Overuse Injuries in Elite Athletes

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Recent Advances to Resolve Multiple Fibers Using Diffusion MRI
	Recent Advances in Fiber Tracking

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Exclusively MRI-Based Molecular Imaging: Can Magnetic Labeling of Physiologically Important Compounds via DNP or Parahydrogen-Induced Hyperpolarization Provide a Potential Supplement or Replacement of PET
	Direct Detection of Neuromodulation
	Development of Static Tracers for Myocardial Perfusion Imaging by MRI

	Stroke Imaging ~ 10:30 to 12:30 ~ Room 6C
	Neuroprotection: Biological Background and MR Implications
	The Current Status of Ongoing Clinical Trials: Beyond 3 Hours
	The Perspective of Pathophysiology - Guided Stroke Therapy
	MR Wish List for Stroke Neurologists: What Are We Missing? ~ No Syllabus Contribution Submitted

	Cardiac Problem Solving: Imaging the Coronary Arteries in 2006 - CT vs. MRCA ~ 16:30 - 18:30 ~ Room 6D
	Can CT Be Reliably Used for Plaque Characterization and Vessel Wall Imaging?
	Advanced MR Coronary Imaging at 3T: Promise or Perils?
	CT vs. MRCA: A Radiologist's Perspective
	Head-to-Head Comparison of CT and MRCA
	Assessing the Myocardium: Ischemia, Prognosis and Viability ~ No Syllabus Contribution Submitted

	Vascular Problem Solving and Case Presentation ~ 13:30 - 15:30 ~ Room 6C
	Vessels of the Neck
	Evaluation of Renal Vascular Disease
	MRA of the Run-Off's: Hands and Feet

	MR Physics for Clinicians ~ 16:30 - 18:30 ~ Room 6C
	Diffusion MRI
	MR Angiography
	Cardiac MRI


	================
	Friday, 12 May 2006
	Technical Advances in Body MR ~ 07:00 to 08:00 ~ Room 618-620
	Body MR Spectroscopy
	Fat-Water Imaging

	Cardiovascular Imaging ~ 07:00 to 08:00 ~ Room 6D
	Arrthymogenic Conditions
	Other Cardiomyopathies

	Clinical DTI/PWI/fMRI ~ 07:00 to 08:00 ~ Room 4C-3,4
	Diffusion MRI in the Fetus and Newborn
	Measuring Brain Perfusion in the Pediatric Brain

	MR Hardware/Engineering ~ 07:00 to 08:00 ~ Room 611-612
	ESR
	Hyperpolarized C13

	Human MRI and MRS at High Static Magnetic Fields: The Promise, the Challenges, the Solutions ~ 07:00 to 08:00 ~ Room 615-617
	Getting BOLDer with High Field fMRI
	Static Magnetic Fields: Bioeffects, Regulation and Management

	New Horizons in Musculoskeletal MRI ~ 07:00 to 08:00 ~ Room 613-614
	MRI Techniques for Stem Cell Trafficking
	Stem Cell Research Opportunities in the Musculoskeletal System

	Quantitative Neuro MRI ~ 07:00 to 08:00 ~ Room 602-604
	Voxel-Based Analyses
	Techniques for Measuring Brain Deformation

	Unsolved Problems and Unmet Needs in MR  ~ 07:00 to 08:00 ~ Room 6E
	Need for a Non-Commercial Open-Source MR Simulator
	Does The Principle Of Reciprocity Hold At High Field MR?

	Therapy Assessment ~ 10:30 to 12:30 ~ Room 6E
	The Needs and Opportunities of Imaging as Bio- or Surrogate Markers - A Strategic Perspective
	Goals for Assessment of Response - A Clinical and Cooperative Trial Structure ~ No Syllabus Contribution Submitted
	Integrating MR Response Information within Trials: A Quality Assurance Perspective
	Using MR to assess Therapeutic Response - An Investigator's Perspective





